Abstract-In the present work, the calibration method of waveguide in measurement of complex dielectric permittivity spectrum of wet soils with coaxial sample holder in microwave frequency range is proposed. This method is convenient for soil measurement. With the view of effect of transition units connecting waveguide to sample holder, the approach includes calibration procedure by the use of measurement of S-scattering matrix for two empty sample holders of different lengths. As an example, the results of measurement of complex dielectric permittivity spectrum of loam soil at positive and negative temperature are given.
INTRODUCTION
Dielectric models of the soil and vegetation are an essential part in the algorithms used for data processing with regard to the problems of radar and radio thermal remote sensing. From this viewpoint, measurement methods of complex dielectric permittivity (CDP) of soils at temperatures and in frequency range are developing. It is significant to account effect of joint units on measurement process.
The coaxial-waveguide method is widely used for measuring spectrum of complex dielectric permittivity. This method allows measuring CDP of samples of as high so low CDP value in wide frequency range. However, the effect of waveguide elements can result in significant errors in measuring. There are some calibration methods to take into account features of a waveguide circuit installation containing a measuring cell [1] [2] [3] [4] [5] . The following calibration method can be defined. The theoretically account of waveguide elements as it was suggested in [1] . And the second way is to carry out calibration measurement with calibration samples of known dielectric permittivity over the all considered frequency range. The first method is not universal because of it is suitable for simple constructions of measurement waveguide only. In case of composite construction, the solving of waveguides elements is getting difficult. The second method usually requires to use liquids as calibration sample and in case of soil measurements, we have to construct universal measurement sample holder, which can be filled with as liquids so and soils.
In the present work, a calibration method of waveguide in measurement of complex permittivity spectrum of wet soils in microwave frequency range is proposed, with coaxial sample holder being applied as a measuring cell. The calibration procedure proposed is based on measurements of Sscattering matrix for two empty sample holders of different lengths. This approach allows to use the same sample holders for both the calibration and soil dielectric measurements.
EXPERIMENTAL SETUP
The experimental setup for caring out measurement of spectrum of CDP measurements is shown in Fig. 1 . The sample holder with soil attached to vector network analyzer ZVK with transition units. The vector network analyzer allows for the measurement of frequency spectrum of the S-scattering matrix of the attached device in frequency range from 10 MHz to 40 GHz. The temperature chamber was used to supply required temperature regime. The temperature in temperature chamber automatical controlled by personal computer.
THE CDP RETRIEVING
The coaxial sample holder can be divided into the following parts: The section containing the sample soil under study and adapter units matching with the connectors of the vector network analyzer and them located on the ends of sample section. The transmission matrix of the entire waveguide in terms of transmission matrices of the waveguide parts can be expressed as [1, 6] : where T 1 , T 2 are transmission matrices of adapter units located on the left and right of sample section respectively. T x -Transmission matrix of sample section. The elements of matrices (1) are determined from the elements of scattering matrix by [6] :
In case of single mode regime in coaxial waveguide and homogeneous sample:
which are result in t
Taking into account (3), the Equation (1) The system of Equation (5) , which are characteristics of adapter units. For its single-valued determination it is necessary to supplement (5) with additional four equations. Thus the elements of transition matrix T t e 11 , t e 12 , t e 21 , t e 22 of one empty holder is add with that of second empty holder of the different length. After solving the system of the eight independent equations we determine that where i, j = 1, 2 indicate the first and the second empty sample holder. After the measurement of soil sample have been made the elements of transition matrix of sample section can be expressed by means of the parameters of adapter units (6) 
In case of full matching of impedances of the elements of waveguide, the denominator of (8) can be shown to be equal to unit. Assuming the permeability of soil to be close to the unit, the complex dielectric permittivity of sample can be found by
EXPERIMENTAL RESULTS
The results of measurement of loam soil at mass moisture M = 9% and temperatures of t = 25 • C and t = −30 • C are shown in Fig. 2 . The dashed curve determines confidence interval of CDP which is associated with retrieving method precision. The confidence interval has been calculated in according with the classical approach to error of indirect measurement. It is seen high error areas at some frequencies. Analyses of (6) has shown that such areas are related to the wavelengths λ m = 2 d2−d1 m , where m is integer i.e., at every multiply of halfwavelength of difference of the calibration sample holder lengths. From (8), it follows high error areas at the wavelengths λ m = 2
i.e., at every multiply of half-wavelength of relative the measuring sample holder length. Beyond these ranges, the proposed method provided quiet reasonable error of the CP measurements relating to both the thawed and frozen soils, with the relative error estimates not exceeding the values of ( 
CONCLUSION
The calibration method of waveguide in measurement of complex dielectric permittivity spectrum of wet soils with coaxial sample holder in microwave frequency range at both of positive and negative temperature is proposed. This method includes calibration technique with using two empty sample holders. The proposed calibration technique is convenient in measurement of soil because of implementation the same sample holders as in measurement in the calibration procedure. As an example, the results for the measurement errors are analyzed in the case of CPs spectra pertaining to a loam soil measured in both thawed and frozen conditions. There was found a serious of frequencies ranges in which the measurement error increased to a large extend due to a resonance effects existing in a measuring cell. Beyond these ranges the proposed method provided quiet reasonable error of the CP measurements relating to both the thawed and frozen soils, with the relative error estimates not exceeding the values of ( Im( ) = 10 %) respectively. In the method proposed, the resonance frequency ranges can be avoided with the use of sample holders of varying lengths.
